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POLYALKYLENE GLYCOL ACID ADDITIVES 

[0001] This application claims the benefit of U.S. Provisional Application 
60/398,137, filed July 24, 2002. 



FIELD OF THE INVENTION 
[002] The field of the invention relates to polyalkylene glycol acids and their 
attachment to therapeutically active biopharmaceuticals for preparing 
therapeutically active polyalkylene glycol conjugates with these 
biopharmaceuticals . 



BACKGROUND OF THE INVENTION 
[003] Chemical attachment of hydrophilic polyalkylene glycol linear polymers 

(known as PAG) to biopharmaceuticals such as proteins and peptides is well 
known and commonly used in biotechnology. The most common 
polyalkylene glycol molecule is polyethylene glycol polymer (known as 
PEG). 



[004] 



As an example of biotechnical application of PAG, some active derivatives of 
PAG have been attached to biopharmaceuticals such as proteins and 
enzymes with beneficial results. Since PAG is soluble in organic solvents, 



\ 

PAG attached to such biopharmaceuticals as enzymes or proteins can 
produce resulting conjugates that are soluble and active in organic solvents. 
Attachment of PAG to protein can reduce the immunogenicity and rate of 
kidney clearance of the PAG-protein conjugate as compared to the 
unmodified protein. In addition attachment of PAG to biopharmaceuticals 
such as protein can also dramatically increase the blood circulation lifetimes 
for these PAG conjugates. 

[005] In preparing PAG conjugates with biopharmaceuticals such as proteins the 
pharmacokinetics of the particular biopharmaceuticals will govern both the 
efficacy and duration of effect of the drug. In view of the immunogenicity, 
water insolubility and short in vivo half-life of biopharmaceuticals 
particularly proteins and polypeptides, it has become of major importance to 
reduce the rate of clearance of these biopharmaceuticals so that prolonged 
action can be achieved. This may be accomplished by retarding or inhibiting 
glomerular filtration which can be effected both by the charge on the protein 
and its molecular size (Brenner et al, (1978) Am.J.Physiol., 234, F455). By 
increasing the molecular volume and by masking potential epitope sites, 
modification of a therapeutic biopharmaceutical such as a polypeptide and a 
protein with a polymer has been shown to be efficacious in reducing both the 
rate of clearance as well as the antigenicity of the biopharmaceutical, 
especially proteins. Reduced proteolysis, increased water solubility, reduced 
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renal clearance, and steric hindrance to receptor-mediated clearance are a 
number of mechanisms by which the attachment of a PAG polymer to the 
backbone of biopharmaceuticals such as polypeptides and proteins are 
beneficial in enhancing the pharmacokinetic properties of the drug Thus 
Davis et al, U.S. Pat. No. 4,129,337 discloses conjugating PEG to proteins 
such as enzymes and insulin to produce a less immunogenic product while 
retaining a substantial proportion of the biological activity of these 
biopharmaceuticals. 

[006] There are a large variety of active PAGs, particularly PEG, reagents which 
have been developed for the modification of biopharmaceuticals such as 
proteins (see for example Zalipsky, et al., and Harris et al. in : Polyethylene 
glycol) Chemistry: Biotechnical and Biomedical Applications; (J.M. Harris 
ed.) Plenum Press: New York, 1992; Chap. 21 and 22), most of which require 
the formation of a linking group between PEG and the biopharmaceuticals. 
Some of these reagents are unstable, to various degrees, in the aqueous 
medium in which the conjugation reaction occurs. In addition the 
conjugation process often results in the loss of in vitro biological activity 
which is due to several factors foremost of which being a steric interference 
with the proteins active site. A desired property therefore of a new reagent 
would be one that is not susceptible to degradation in an aqueous medium 
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and one which may be employed to produce the site specific modification of 
a protein. 

SUMMARY OF THE INVENTION 
[007] In accordance with this invention we have discovered a new class of 
activated polyalkylene glycol acids and their active ester reagents for 
conjugation to biopharmaceuticals such as polypeptides, sugars, proteins 
and therapeutically active small molecules. These reagents are those 
compounds which have any one of the following formulae: 




I-A 



wherein R, Ri and R2 are individually hydrogen or lower alkyl; X is -O - or - 
NH-; PAG is a divalent residue of polyalkylene glycol resulting from 
removal of both of its terminal hydroxy groups, which residue has a 
molecular weight of from 1,000 to 50,000 Daltons; n is an integer of from 0 to 
1; m is an integer of from 4 to 8; and A is a hydrogen or an activated leaving 
group which when taken together with its attached oxygen atom forms an 
ester; 
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or hydrolyzable esters thereof wherein A is hydrogen. 

I-B 



RO— PAG-X— 



/ \ O 

CH — CH\ —C-OA 
I I 
R 3 R 4; 



' W 



wherein R, PAG, X and A are as above; w is an integer of from 1 to 3; and 
one of R3 and R4 is lower alkyl and the other is hydrogen or lower alkyl; 
and 



I-C 



RO— PAG 1 -0-(CH 2 ) k -X-(CH 2 )y 

CH — C-OA 

RO — P AG 1 - 0 — (CH 2 )k -X— (C H 2 ) v ^ 



wherein R, A, and X are as above, PAG 1 is a divalent residue of a 
polyalkylene glycol resulting from the removal of both of the terminal 
hydroxy groups, said residue having a molecular weight of from about 500 
to about 25,000 Daltons, y is an integer from 0 to 3 and v is an integer from 1 
to 3; and k is an integer from 1 to 2. 



[008] These compounds are useful reagents for forming conjugates with 

biopharmaceuticals such as polypeptides, sugars, proteins and glycosides. 
The compounds of formula I- A, I-B and I-C when they form conjugates with 
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biopharmaceuticals such as proteins, peptides, and glycosides enhance their 
pharmacokinetic and pharmacodynamic properties. These clinically useful 
properties include longer in vivo circulating half-life, deceased clearance and 
enhanced potency, changes in bio - distribution leading to potential 
improvements in efficacy, reduced immunogenicity, reduced toxicity, better 
physical and thermal stability, protection against proteolytic degradation, 
among others. The stability of the compounds of formula I- A, I-B and I-C 
allow them to be easily conjugated to the biopharmaceutical. 

DETAILED DESCRIPTION OF THE INVENTION 
[009] The reagents of formula I- A, I-B and I-C can be conjugated to the amino or 
hydroxy group of amino or hydroxy containing biopharmaceuticals to 
produce conjugates which retain a substantial portion of the biological 
activity of the biopharmaceutical from which they are derived. Generally for 
conjugation purposes, it is preferred that amino or hydroxy containing 
biopharmaceutical contain a terminal amino or hydroxy group. It is this 
terminal amino or hydroxy group through which the reagents of this 
invention can conjugate to produce the conjugates in accordance with this 
invention. The reagents of this invention are not susceptible to degradation 
in an aqueous medium and so they can be easily reacted with the 
biopharmaceutical to form the conjugate which can be administered for 
therapeutic purposes in an aqueous medium. 

6 



[0010] The term polyalkylene glycol designates poly(lower alkylene)glycol radicals 
where the alkylene radical is a straight or branched chain radical containing 
from 2 to 7 carbon atoms. The term 'Tower alkylene" designates a straight or 
branched chain divalent alkylene radical containing from 2 to 7 carbon atoms 
such as polyethylene, poly n-propylene, poly isopropylene, poly n-butylene, 
and polyisobutylene as well as polyalkylene glycols formed from mixed 
alkylene glycols such as polymers containing a mixture of polyethylene and 
polypropylene radicals and polymers containing a mixture of 
polyisopropylene, polyethylene and polyisobutylene radicals. The branched 
chain alkylene glycol radicals provide the lower alkyl groups in the polymer 
chain of from 2 to 4 carbon atoms depending on the number of carbon atoms 
contained in the straight chain of the alkylene group so that the total number 
of carbons atoms of any alkylene moiety which makes up the polyalkylene 
glycol substituent is from 2 to 7. The term 'Tower alkyl" includes lower alkyl 
groups containing from 1 to 7 carbon atoms, preferably from 1 to 4 carbon 
atoms, such as methyl, ethyl, propyl, isopropyl, etc. with methyl being 
especially preferred. 



[0011] In accordance with the preferred embodiment of this invention, PAG in the 
compound in formulas I- A, I-B and I-C is polyethylene glycol residue formed 
by removal of the two terminal hydroxy groups. Further in accordance with 



this invention, the PAG residues in the compound of formula I-A and I-B, 
have molecular weights of from about 10,000 to about 50,000, most 
preferably from about 20,000 to about 40,000, with from about 25,000 to 
about 35,000 being especially preferred. In the compound of formula I-C, it 
is generally preferred that the two PAG1 radicals have a combined molecular 
weight of from about 10,000 to about 50,000 and preferably from about 
20,000 to about 40,000, most preferably from about 25,000 to about 35,000. 

[0012] The reagents of formula I-A, I-B and I-C can be conjugated to any 

conventional biopharmaceutical which contains a free hydroxy or amino 
group. Condensation can be either through the free acid or through the use 
of an activated ester. 

[0013] In accordance with this invention, the compounds of formula I-A, I-B and I-C 
can be reacted with the free hydroxy group or free amino group of a 
biopharmaceutical which is a protein, peptide or small organic moiety to 
form either an ether or amide conjugate. 

[0014] In accordance with this invention the ether or amide conjugates can be 
prepared from the compounds of the reagents of this invention by the 
following reaction schemes. In forming the ester conjugates, the reagents 
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are reacted with a biopharmaceutical containing a terminal hydroxy group 
as illustrated below 



o o 

B— C-OH + HO— P B— C-OP 

wherein P is a residue of a biopharmaceutical having a terminal hydroxy 
where the terminal hydroxy group is removed. 

[0015] In this reaction scheme, B is a composite of compounds I- A, I-B and I-C 
without the terminal reactive acid or activated acid leaving group. In 
carrying out this reaction any conventional method of forming an ester by 
reacting a reactive acid group with an alcohol can be utilized to form the 
ester conjugate. Among the preferred methods is to couple the acid and 
alcohol in the presence of a coupling agent such as dicyclohexylcarbodiimide 
utilizing a coupling catalyst. Any conventional coupling catalyst such as 1- 
hydroxybenzotriazole and (4-dimethylamino)pyridine or mixtures thereof 
can be utilized. Generally this reaction is carried out in an inert organic 
solvent media. This reaction can be carried out with the free or activated 
ester derivative of this acid. If the activated acid derivative is utilized, then 
there is no need to utilize the coupling catalyst and/ or the coupling agent. 
In carrying out this reaction temperature and pressure are not critical and 



this reaction can be carried out at room temperature. However, if desired, 
higher or lower temperatures can be utilized. In accordance with this 
reaction P can be the residue of any biopharmaceutical having a terminal 
hydroxy group. For forming the esters above among the preferred 
biopharmaceutical having a terminal hydroxy group are the nucleosides 
such as AZT. In addition P can be any such small molecule 
biopharmaceutical having a terminal hydroxy group. 

[0016] In forming the amide, the compound of the following reaction is used 

B-C-OH + NH 2 -P 1 ► ° 1 

£ 2 B-C-NHP 1 

wherein P 1 is the residue of biopharmaceutical having a terminal amino 
group where this terminal amino group has been removed. 



[0017] In the above reaction, scheme B is as described hereinbefore. In accordance 
with this reaction P 1 can be the residue of any biopharmaceutical having a 
terminal amino group such as protein or peptide or small molecule 
biopharmaceutical having a terminal amino group. Among the preferred 
protein and peptides are included interferon-a, interferon-p, consensus 
interferon, GCSF, GM-CSF, interleukins, colony stimulating factor as well as 
immunoglobulins such as IgG, IgE, IgM, IgA and IgD and fragments thereof. 
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Other preferred amino biopharmaceuticals are those peptides set forth in 
U.S. Patent 5,464,933 especially the T-20 peptide which has the structure: Tyr 
Thr Ser Leu lie His Ser Leu lie Glu Glu Ser Gin Asn Gin Gin Glu Lys Asn Glu 
Gin Glu Leu Leu Glu Leu Asp Lys Trp Ala Ser Leu Trp Asn Trp Phe (SEQ ID 
NO.: 1). 

[0018] The reaction to produce the amide is carried out by utilizing any 

conventional means for coupling an acid or an activated acid derivative 
"OA" with an amide to form a peptide bond. Any conventional method of 
forming a peptide bond by the reaction of an acid and an amine to form an 
amide can be utilized in forming the conjugate. 

[0019] In accordance with this invention, OA can be any conventional acid 

activating leaving group. Among the preferred acid activating leaving 
groups are the halogens such as chlorine and bromine, N-succinimidyloxy, 
sulfo-N-succinimidyloxy, 1-benzotriazolyloxy, 1-imidazolyl, p- 
nitrophenyloxy, 2,3,4-trichlorophenyloxy, pentachlorophenyloxy, 
pentafluorophenyloxy, N-phthalimidyloxy, N-tetrahydrophthalimide, N- 
glutarimide, 1 -hydroxy piper idine, 5-chloro-8-hydroxy-quinoline, N- 
norbornene-2, 3-dicarboximide and hydroxy-7-azabenzotriazole. 
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[0020] A process is provided for producing an activated ester of the formula; 



wherein R, Ri and R2 are individually hydrogen or lower alkyl; X is 

-O- or -NH-; PAG is a divalent residue of polyalkylene glycol resulting from 

removal of both of its terminal hydroxy groups, which residue has a 

molecular weight of from 1,000 to 50,000 Daltons; n is an integer of from 0 to 

1; m is an integer of from 4 to 8; and A is a hydrogen or an activated leaving 

group which when taken together with its attached oxygen atom forms an 

ester 

comprising, condensing a compound of the formula: 



RO— PAG-X 




C-O-A 



I-A 



RCH-PAG-V 



v 



wherein R, and PAG are as above, and V is -OH or -NH2, 



with the compound of the formula: 



o 
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wherein R 5 forms a hydrolyzable ester protecting group and Y is halide and 
R 1 , R 2 , m, and n, are as above, 
to produce an ester of the formula 



RO— PAG-X— 



'CH — /ChP 



X 



R' / m \R' 



— C-OR 5 



VIII 



wherein R, PAG, X, R 1 , R 2 , R 5 , m and n are as above, 
hydrolyzing said ester to form a free acid of the formula: 



RO— PAG-X— / CH 



R 1 




wherein R, PAG, X, R 1 , R 2 , m and n are as above, 

and reacting said free acid with a halide of an activated leaving group in the 
presence of a coupling agent to produce said activated ester. 
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[0021] The compound of formula I-A where X is 0 is 




I-Al 

wherein A, R, PAG, R 1 , R 2 - m and n are as above. 

is prepared by reacting the PAG hydroxy compound of the formula 

RO-PAG-OH 

v 

wherein R, and PAG are as above 
with a compound of the formula 




wherein R 5 forms a hydrolyzable ester protecting group and Y is 
halide and R 1 , R 2 ' m, and n, are as above 

via the following reaction scheme 
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RO— PAG-O— 





RO— PAG-O— / CH 




wherein R, PAG, m and n are as above 

and A 1 is an activated leaving group which when taken 
together with its attached oxygen forms an ester. 
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[0022] The compound of formula V when condensed with the compound of 

formula VI produces the compound of formula VIII. In this reaction the 
compound of formula V is reacted with the compound of formula VI by 
refluxing these compounds in an organic solvent in the presence of an alkali 
metal hydride such as sodium hydride. Any conventional method used in 
condensing an alcohol with a halide can be utilized in carrying out this 
reaction. Generally it is preferred to utilize as an inert organic solvent the 
aromatic hydrocarbon solvents such as benzene and toluene. However, any 
conventional inert organic solvent can be utilized to carry out this reaction. 
In the compound of formula VI, R 3 can be any conventional acid 
hydrolyzable ester protecting group. Generally, those hydrolyzable ester 
protecting groups include the lower alkyl ester protecting groups. The 
compound of formula VIII is hydrolyzed to the compound of formula IX by 
conventional means such as by basic hydrolysis with base such as an alkali 
metal hydroxide in a aqueous medium. The acid of formula IX is then 
converted to its activated form, the compound of formula X, through the use 
of an activating leaving group such as an N-hydroxy succinimidyl group by 
reaction with N-hydroxy succinimide. However, any conventional 
activating leaving groups such as those mentioned hereinbefore can be 
utilized in forming the compound of formula X. Any conventional method 
of converting a carboxylic acid into an activated ester containing an 
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activating leaving group such as N-hydroxy succinimidyl group can be 
utilized to produce the compound of formula X. 
[0023] In preparing the compound of formula I-A-l, which includes the compounds 
of formula IX and X, by condensing the formula V with the compound of 
formula VI by the aforementioned reaction scheme this reaction scheme can 
be further illustrated in the following general manner: 

[0024] Five grams of PEG compound of formula V (molecular weight of 1000 to 

40000) in 50 to 100 mL of toluene was azeotropically dried by refluxing for 1 
to 3 hours, followed by the removal of 20 to 30mL of toluene. The resulting 
mixture was dissolved in 20 to 30 mL of anhydrous tetrahydrof uran and 
added drop by drop to sodium hydride (5 to 10 fold molar excess) and 
anhydrous tetrahydrofuran (20 ~ 30 mL) in a round bottomed flask under 
argon flow. The resulting mixture was refluxed overnight. The following 
halo acid esters of Formula VI were used to prepare the compound of 
Formula VIII: Methyl 5-bromovalerate or (ethyl 5-iodovalerate; or , ethyl 6- 
bromohexanoate; ethyl-omega-chloro valerate; or 6-bromo hexanoic acid 
methyl ester; or methyl 7-bromoheptanoate; or ethyl 7-bromoheptanoate; or 
methyl 8-bromooctanoate; or ethyl 8-bromooctanoate; or methyl 10- 
bromodecanoate; or ethyl w-bromoundecanotate; or methyl 11- 
bromoundecanoate, or methyl bromomyristate; or ethyl 15- 
bromopentadecanoate; or 16-bromo-hecadecancar boxy lie acid-methylester; 
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or 17-bromo-hepadecancarboxylic acid-methylester; or methyl-3- 
chlorobutyrate, methyl 3-bromobutyrate; or ethyl 3-bromobutyrate, ethyl 
beta-bromovalerate; or ethyl beta-bromocaproate) (5 to 10 molar excess) was 
added to the reaction via syringe and the reaction was refluxed overnight. 
The reaction solution was then condensed by rotary evaporation. The residue 
containing the compound of formula VIII was precipitated by addition to the 
mixture of 2-propanol and diethyl ether (1:1). The precipitated product, the 
compound of formula VIII, was filtered off and dried in vacuo. 

[0025] The PEG acid ester of formula VIII (4 g) was dissolved in 50 to 100 mL of IN 
sodium hydroxide and the solution was stirred at room temperature 
overnight. The pH of the mixture was adjusted to 2.5 to 3.0 by addition of 1 
to 6N hydrochloric acid, and the mixture was extracted with 
dichloromethane. The organic layer was dried over sodium sulfate, filtered, 
concentrated, and precipitated into diethyl ether. The PEG acid of formula IX 
was collected by filtration and dried under vacuum. 

[0026] The PEG acid of formula IX (2 g) was dissolved in anhydrous 
dichloromethane (10 to 20 mL) followed by the addition of N- 
hydroxysuccinimide (1.05 to 2.0 fold molar excess) and 
dicyclohexylcarbodiimide (1.05 to 2.0 fold molar excess). The mixture was 
stirred overnight at room temperature under argon. The reaction mixture 
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was filtered, concentrated, and precipitated with mixture of 2-propanol and 
diethyl ether (1:1). The product was dried in vacuo overnight to produce the 
activated ester of formula Ial , the compound of formula X. 

[0027] The compound of formula I-A where X is NH has the formula 

I-A2 




wherein A, R, PAG, R, 1 R 2 ' m and n are as above, 
is prepared from the compound of 

RO— PAG-NH 2 

XII 

wherein R and PAG are as above 



by first reacting the compound of formula XII with the compound of formula 
VI to produce a compound of the formula: 

O 

RO— PAG-NH— / CH\ — / CH\— C-OR 5 



XIII 
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wherein R, R 1 , R 2 , R 5 , PAG, m and n are as above. 

[0028] The reaction to produce the compound of formula XIII is carried out by 
condensing the amine of formula XII with the halide of the compound of 
formula VI. Any conventional method of condensing an amine with a halide 
can be used in carrying out this reaction. The compound of formula XIII is 
converted to the compound of formula I-A2 when A is a leaving group via 
the intermediate 

O 

RO— PAG-NH— / <pH\ — / (pH\— C-OH 

XIV 

wherein R, PAG, R 1 , R 2 , m and n are as above. 

This conversion to form the compound of formula XIV is carried by 
conventional basic hydrolysis as described hereinbefore. The compound of 
formula XIV is converted to the compound of formula 1 A2 where A is an 
activated leaving group which when taken together with its attached oxygen 
forms an ester in the same manner as described in connection with the 
conversion of the compound of formula IX to the compound of formula X. 
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[0029] In general the method of producing the compound of formula 1-A2 where A 
is an activated leaving group which when taken together with its attached 
oxygen forms an ester by first reacting the compound of formula XII with the 
compound of formula VI to produce the compound of formula 1-A2 can be 
further illustrated by the following general reaction sequence: 

Step One 

[0030] Five grams of PEG amine of formula XII (molecular weight of 1000 to 40000) 
was dissolved in 25 to 50 mL of absolute ethanol. Then, the compound of 
formula VI which can be methyl 5-bromovalerate or (ethyl 5-iodovalerate, 
ethyl 6-bromohexanoate, or ethyl-omega-chloro valerate, or 6-bromo 
hexanoic acid methyl ester, or methyl 7-bromoheptanoate, or ethyl 7- 
bromoheptanoate, or methyl 8-bromooctanoate, or ethyl 8-bromooctanoate, 
or methyl 10-bromodecanoate, or ethyl w-bromoundecanotate, or methyl 11- 
bromoundecanoate, or methyl bromomyristate, or ethyl 15- 
bromopentadecanoate, or 16-bromo-hecadecancar boxy lie acid-methylester, 
or 17-bromo-hepadecancarboxylic acid-methylester, or methyl-3- 
chlorobutyrate, or methyl 3-bromobutyrate, or ethyl 3-bromobutyrate, or 
ethyl beta-bromovalerate, or ethyl beta-bromocaproate) (5 to 10 molar 
excess) was added to the PEG solution. The resulting mixture was stirred at 
room temperature overnight. The reaction solution was then condensed by 
rotary evaporation. The residue was precipitated by addition to the mixture 
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of 2-propanol and diethyl ether (1:1). The precipitated product was filtered 
off and dried in vacuo to produce the compound of formula XIII. 



Step Two 

[0031] PEG acid ester of formula XIII (4 g) was dissolved in 50 to 100 mL of IN 
sodium hydroxide and the solution was stirred at room temperature 
overnight. The pH of the mixture was adjusted to 2.5 to 3.0 by addition of 1 
to 6N hydrochloric acid, and the mixture was extracted with 
dichloromethane. The organic layer was dried over sodium sulfate, filtered, 
concentrated, and precipitated into diethyl ether. The product PEG acid of 
formula XIV, was collected by filtration and dried under vacuum. 



[0032] The PEG acid of formula XIV (2 g) was dissolved in anhydrous 
dichloromethane (10 to 20 mL) followed by the addition of N- 
hydroxysuccinimide (1.05 to 2.0 fold molar excess) and 
dicyclohexylcarbodiimide (1.05 to 2.0 fold molar excess). The mixture was 
stirred overnight at room temperature under argon. The reaction mixture 
was filtered, concentrated, and precipitated with mixture of 2-propanol and 
diethyl ether (1:1). The product was dried in vacuo overnight to produce the 
compound of formula I-A2 where A is an activated leaving group which 
when taken together with its attached oxygen forms an ester. 
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[0033] A process is provided for producing an activated ester of the formula: 



RO— PAG-X— fCH — CH\ — C-OA 




I-B 



wherein R is hydrogen or lower alkyl; X is -O- or-NH-; PAG is a 
divalent residue of polyalkyleneglycol resulting from removal of both 
of its terminal hydroxy groups, which residue has a molecular weight 
of from 1,000 to 50,000 Daltons; w is an integer of from 1 to 3; and one 
of R3 and R4 is lower alkyl and the other is hydrogen or lower alkyl; 
and A is a hydrogen or an activated leaving group which when taken 
together with its attached oxygen atom forms an ester 
comprising, condensing a compound of the formula: 




XX 



wherein w, Y, R 3 , R 4 and R 5 are as above, Y is halide and R 5 forms a 



hydrolyzable protecting group, 



23 



with a compound of the formula: 

RO— PAG-V 



wherein R, and PAG are as above, V is -OH or -NH2, 
to produce an ester of the formula: 



O 

RO— PAG-X— / CH — CH\— C-OR 5 

R 4 



wherein w, R, PAG, X, R 3 , R 4 and R 5 are as above 
hydrolyzing said ester to form a free acid of the formula: 



\ 9 

RO- PAG-X-/ CH — CH— C-OR 5 



/w 



XXI 



XXII 



wherein R, PAG, X, R 3 , R 4 and R 5 are as above, 
and reacting said free acid with a halide of an activated leaving group in 
presence of a coupling agent to produce said activated ester. 
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[0034] The compound of formula I-B where X is 0 which has the formula 
RO-PAG-O-/ pnt-^ _£_ 0A 

^ I-Bl 

wherein A, R, PAG, R 3 , R4, and w are as above 
is prepared by reacting the compound of formula V with the compound of formula 



O 



ii 



5 



Y— /^H — <pH — C-OR 

[R 3 R 4 / 
/w 

' XX 
wherein w, R 3 , R4 and R 5 are as above, and Y is halide 
to produce a compound of the formula: 



XXI 




wherein w, R, PAG, R3, R4 and R5 are as above, 

[0035] The reaction of the compound of formula XX with the compound of formula 
of formula V to produce the compound of formula XXI is carried out in the 
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same manner as described in connection with the reaction of the compound 
of formula V and VI to produce the compound of formula VII. The 
compound of formula XXI is next subjected to basic hydrolysis utilizing the 
conditions described hereinbefore to form the compound of formula 

XXII 

O 

RO— PAG-O— / CH — CH\— C-OH 



R 3 R 4 



/w 



wherein R, PAG, R 3 and R 4 are as above 



[0036] The compound of formula XXII is next converted to the compound of 
formula I-Bl where A is an activated leaving group which when taken 
together with its attached oxygen forms an ester. This conversion is carried 
out in the same manner as described in connection with the formation of the 
compound of formula X from the compound of formula IX. 
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[0037] The compound of formula I-B where X is NH which has the formula 

I-B2 

O 

RO— PAG— / CH-CH \— C-OA 



1 o i/i 
R 3 R 



/w 



wherein A, R, PAG, R 3 and R 4 , and w are as above, 

is prepared by reacting the compound of formula XII with the compound of 
formula XX. This reaction produces a compound of the formula: 



O 

RO— PAG-NH— / CH — CH\— c'-OR 5 



,R 3 R 4 



' w 

XXV 



wherein R, PAG, R 3 , R 4 and R 5 are as above 



[0038] The reaction of the compound of formula XX with the compound of formula 
XII to produce the compound of formula XXV is carried out in the same 
manner as described in connection with the reaction of the compound of 
formula XII with the compound of formula VI to produce the compound of 
formula XIII. The compound of formula XXV is next subjected to basic 
hydrolysis utilizing the conditions described hereinbefore to form the 
compound of formula 
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XXVI 



RO— PAG-NH 




w 



0 

—C-OH 



wherein R, PAG, R 3 , R 4 and w are as above. 



[0039] 



The formation of the compound of formula I-B2 by reaction of the compound 



of formula XX and the compound of formula III is carried out in the same 
manner as described in connection with the compound of formula I-A2 
except that the compound of formula XX is substituted for the compound of 
formula VI. 

[0040] A process is provided for producing an activated ester of the formula: 



wherein R is hydrogen or lower alkyl, X is -O- or -NH, A is a hydrogen or an 
activated leaving group which when taken together with its attached oxygen atom 
forms an ester, PAG 1 is a divalent residue of a polyalkylene glycol resulting from 
the removal of both of the terminal hydroxy groups, said residue having a 



I-Cl 



RO — PAG -O— (CH 2 )k~X— (CH 2 ) y 




CH — C-OA 
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molecular weight of from about 500 to about 25,000 Daltons, y is an integer from 0 
to 3 and v is an integer from 1 to 3; and k is an integer from 1 to 2, 
comprising, condensing a compound of the formula: 



Y— (CH 2 ) y 

CH-C-OR 5 

I 11 
Y-(CH 2 ) V xxxv 

wherein Y is halide, y and v are as above, and R 5 forms a hydrolyzable ester 
protecting group with a compound of the formula 



RO— PAG 1 -0-(CH 2 ) k — V 



XXXVI 



wherein R, PAG 1 and k are as above, V is -OH or -NH2, 
to produce an ester of the formula: 



RO— PAG 1 — o- (CH 2 ) k - X 
RO — PAG 1 O — (CH 2 ) k — X 

wherein R, PAG 1 , X, R 5 , k, v and y are as above, 
hydrolyzing said ester to form a free acid of the formula: 
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- (CH 2 ) y 

CH- C— OR 5 
O 

— (CH 2 ) V XXVII 



RO— PAG 1 O- (CH 2 ) k - x- (CH 2 ) y 

CH- C— OH 

1 O 

— PAG 1 — O— (CH 2 ) k — X — (CH 2 ) V U 

XXVIII 

wherein R, PAG 1 , X, k, v and y are as above, and reacting said free acid with 
a halide of an activated leaving group in the presence of a coupling agent to 
produce said activated ester. 



[0041] The compound of formula I-C where X is 0 is the compound of the formula 

I-Cl 

RO— PAG 1 -0(CH 2 ) k -0-(CH 2 )y 

CH-C-OA 

RO— PAG 1 -0-(CH 2 ) k -0-(CH 2 )? 
wherein R, PAG 1 , A v, y and k are as above 
is prepared by the reaction of a compound of the formula 

Y— (CH 2 ) y 

CH-C-OR 5 

Y-(CH 2 ) V 

wherein Y, R 5 , y and v are as above 
with a compound of the formula: 
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RO— PAG 1 -0-(CH 2 ) k -OH 

wherein R, PAG and k are as above. 



XXXVI 



[0042] The formation of the compound of the formula I-Cl is carried out via the 
following reaction scheme: 
XXXV + XXXVI 



RO— PAG 1 -0-(CH 2 ) k -0-(CH 2 ) y 

CH-C-OR 5 

1 1 o 

RO — PAG — O— (CH 2 )r-0— (CH 2 )v 



RO-PAG 1 -0-(CH 2 )^ 0 -(CH 2 ) y 

CH-C-OH 

RO-PAG 1 -0-(CH 2 )^o-(CH 2 )? 



XXXVII 



XXXVIII 



RO— PAG 1 -0-(CH 2 ) k — 0-(CH 2 ) y 

CH-C-OA 1 XXXIX 
RO — PAG 1 — O— (CH^k— O— (CH 2 )P 

wherein A 1 , R, PAG 1 , n and v are as above. 
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[0043] In the formation of the compound of formula I-Cl two moles of the 

compound of formula XXXVI are reacted with one mole of the compound of 
formula XXXV. This reaction is carried out using the same conditions as 
described in connection with the reaction of the compound of formula V and 
formula VI hereinbefore. In this manner, the compound of formula XXXVII 
is produced. The compound of formula XXXVII is hydrolyzed to form the 
compound of formula XXXVIII in the same manner as described in 
connection with the hydrolysis of formula VIII to the compound of formula 
IX. In the last step, the compound of formula XXXVIII is reacted to convert 
the carboxyl group to an activating leaving group in the same manner as 
described in connection with the formation of the compound of formula IX. 
In this manner the compound of formula XXXVIII is converted to the 
compound of formula 1-C1 where A is an activated leaving group which 
when taken together with its attached oxygen forms an ester. 

[0044] The compound of formula I-C where X is NH, i.e., the compound of formula 

RO — PAG 1 -0-(CH 2 ) k -NH-( CH 2 ) y 

CH-C-OA 

RO — PAG 1 -0-(CH 2 ) k -NH-( CH 2 )~ ^2 

wherein A, R, PAG 1 , v, w and y are as above 
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is prepared by the reaction of a compound of the formula XXXV above with a 
compound of the formula 

RO — PAG 1 -0-(CH 2 ) k -NH 2 XLI 

wherein R, PAG 1 , and k are as above, 
via the following reaction scheme 
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XXXV + XLI 



RO— PAG 1 -0-CH 2 -0-(CH 2 )y 

c'h-c-or 5 

I " 

RO— PAG 1 -0-CH 2 -0-(CH 2 ) < ? 



RO — PAG 1 — 0~CH 2 -0— (CH 2 ) y 



CH-C-OH 



1 1 6 

RO — PAG — 0-CH 2 -0— (CH 2 )v 



RO — PAG 1 — 0-CH 2 -0— (CH 2 ) y 



CH-C-OA 



1 1 O 

RO— PAG 1 -0-CH 2 -0-(CH 2 )V 



[0045] In the first step of this reaction, the compound of formula XXXV is reacted 
with the compound of formula XLI to produce the compound of formula 
XLII. This reaction is carried out in the same manner as described in 
connection with the reaction of the compound of formula XII with the 
compound of formula VI to produce a compound of formula XIII. In the 
next step, the compound of XLII is hydrolyzed to the compound of formula 
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XLHI in the same manner as described in connection with the hydrolysis of 
the compound of formula XIII. The compound of formula XLII is then 
reacted to convert the carboxyl group to an activating leaving group as 
described hereinbefore to produce the compound of formula I-C-2 where A 
is an activated leaving group which when taken together with its attached 
oxygen forms an ester. This reaction is carried out in the same manner as 
described in connection with the conversion of the compound of formula 
XIV to the compound of formula I-A2. 



[0046] Preparation of alpha-methoxy, omega-valeric acid succinimidyl ester of PEG 



[0047] The compound of formula V where the R is methyl, PAG is PEG having a 
molecular weight of 10000 (5.0 g, 0.5 mmol) in 50 mL of toluene was 
azeotropically dried by refluxing for 2 hours, followed by the removal of 40 
mL of toluene. The resulting mixture was dissolved in 30 mL of anhydrous 
tetrahydrofuran and added drop by drop to sodium hydride (0.12 g, 5 mmol) 
and anhydrous tetrahydrofuran (20 mL) in a round bottomed flask under 
argon flow. The resulting mixture was refluxed overnight. Ethyl-5- 



Examples 



Example 1 
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bromovalerate (0.79 mL, 5 mmol) was added to the reaction via syringe and 
the reaction was refluxed overnight. The reaction solution was then 
condensed by rotary evaporation. The residue was precipitated by addition 
to the mixture of 2-propanol and diethyl ether (1:1). The precipitated product 
was filtered off and dried in vacuo. Yield: 4.5 g. of the title compound where 
the PEG had a molecular weight of 1,000 [m-Peg Valeric ethyl ester]. 

[0048] m-PEG valeric acid ethyl ester (4 g) was dissolved in 100 mL of IN sodium 
hydroxide and the solution was stirred at room temperature overnight. The 
pH of the mixture was adjusted to 2.5 by addition of 6N hydrochloric acid, 
and the mixture was extracted with dichloromethane (50 mL, 40 mL, and 30 
mL). The organic layer was dried over sodium sulfate, filtered, concentrated, 
and precipitated into diethyl ether. The product m-PEG valeric acid where 
the PEG had a molecular weight of 1,000, was collected by filtration and 
dried under vacuum. Yield: 3 g. NMR (d6-DMSO): 1.50 ppm (q, 2H, - 
CH2CH2-COOH); 2.21 ppm (t, 2H, -CH2CH2-COOH); 3.21 ppm (s, -OCH3); 
3.5 ppm (s, -0-CH2CH2-0-). 

[0049] m-PEG valeric acid (2 g, 0.2 mmol) was dissolved in anhydrous 

dichloromethane (10 mL) followed by the addition of N-hydroxysuccinimide 
(47 mg, 0.41 mmol) and dicyclohexylcarbodiimide (87 mg, 0.42 mmol). The 
mixture was stirred overnight at room temperature under argon. The 
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reaction mixture was filtered, concentrated, and precipitated with mixture of 
2-propanol and diethyl ether (1:1). The product was dried in vacuo 
overnight. Yield: 1.6 g. of the title compound NMR (d6-DMSO): 1.58-1.67 
ppm (m, 4H, -CH2CH2CH2-COO-); 2.69 ppm (t, 2H, -CH2CH2CH2-COO-); 
2.81 ppm (s, 4H, NHS); 3.21 ppm (s, -OCH3); 3.5 ppm (s, -0-CH2CH2-0-). 

Example 2 

[0050] Preparation of alpha-methoxy, omega-beta butanoic acid succinimidyl ester 
of PEG 




[0051] The methoxy compound of formula I where PAG was PIG having a molecular 
weight 10000 (5.0 g, 0.5 mmol) in 50 mL of toluene was azeotropically dried by 
refluxing for 2 hours, followed by the removal of 40 mL of toluene. The 
resulting mixture was dissolved in 30 mL of anhydrous tetrahydrof uran and 
added drop by drop to sodium hydride (0.12 g, 5 mmol) and anhydrous 
tetrahydrofuran (20 mL) in a round bottomed flask under argon flow. The 
resulting mixture was refluxed overnight. Ethyl-beta-bromobutyrate (0.74 mL, 
5 mmol) was added to the reaction via syringe and the reaction was refluxed 
overnight. The reaction solution was then condensed by rotary evaporation. 
The residue was precipitated by addition to the mixture of 2-propanol and 
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diethyl ether (1:1) to produce the methyl PEG where betahydrate ethyl ester 
PEG has a molecular weight of 1,000. The precipitated product was filtered off 
and dried in vacuo. Yield: 4.5 g. NMR (d6-DMSO): 0.83 ppm (t, 3H, -0-CH2- 
CH3); 1.05 ppm (t, 3H, -CH3); 1.57 ppm (m, 1H, -CHCH2CO-); 3.21 ppm (s, - 
OCH3); 3.5 ppm (s, -0-CH2CH2-0-). 

[0052] m-PEG ethyl-beta butyrate (3 g) was dissolved in 50 mL of IN sodium 

hydroxide and the solution was stirred at room temperature overnight. The 
pH of the mixture was adjusted to 2.5 by addition of 6N hydrochloric acid, 
and the mixture was extracted with dichloromethane (25 mL, 20 mL, and 20 
mL). The organic layer was dried over sodium sulfate, filtered, concentrated, 
and precipitated into diethyl ether. The product m-PEG valeric acid was 
collected by filtration and dried under vacuum. Yield: 2.4 g. NMR (d6- 
DMSO): 0.88 ppm (t, 3H, -CH3), 1.61 ppm (m, 1H, -CHCH2CO-); 3.21 ppm (s, 
-OCH3); 3.5 ppm (s, -0-CH2CH2-0-) to produce the methoxy PEG butanoic 
acid where PEG had a molecular weight 41,000. 

[0053] m-PEGlOk-beta-butanoic acid (1 g, 0.1 mmol) was dissolved in anhydrous 
dichloromethane (5 mL) followed by the addition of N-hydroxysuccinimide 
(24 mg, 0.20 mmol) and dicyclohexylcarbodiimide (43 mg, 0.21 mmol). The 
mixture was stirred overnight at room temperature under argon. The 
reaction mixture was filtered, concentrated, and precipitated with mixture of 
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2-propanol and diethyl ether (1:1). The product was dried in vacuo overnight 
to yield 6.6 g of the title compound where the PEG had a molecular weight of 
13000. 



Example 3 



Preparation of PEG-AZT conjugate 



CH 3 




CH 3 



[0054] m-PEGlOK valeric acid in Example 1 (0.2 g, 0.02 mmol) was dissolved in 

anhydrous dimethylformamide (2 mL) followed by the addition of 3'-Azido- 
3'-deoxy-thymidine (AZT) (10.7 mg, 0.04 mmol), 1-Hydroxybenzotriazole 
(HOBT) (9.8 mg, 0.04 mmol), (4-dimethylamino)pyridine (DMAP) (5.7 mg, 
0.042 mmol), and dicyclohexylcarbodiimide (DCC) (9.5 mg, 0.046 mmol). The 
mixture was stirred overnight at room temperature under argon. The 
reaction mixture was filtered, concentrated, and precipitated with mixture of 
2-propanol and diethyl ether (1:1). The product was dried in vacuo 
overnight. Yield: 0.17 g. NMR (d6-DMSO): 1.18 ppm (m, 3H, HI); 1.51 ppm 
(m, 2H, H9); 2.23 ppm (m, 1H, H4); 2.37 ppm (t, 2H, H8); 3.21 ppm (s, H12); 
3.5 ppm (s, Hll). 4.2 ppm (m, 1H, H5); 6.12 ppm (m, H3, H6); 7.45 ppm (s, 
1H, H2); 11.35 ppm (br, 1H, H10). 
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Example 4 

Pegylation of T-20 with mPEGlOk-SVA 

[0055] Alpha-methoxy, omega-valeric acid succinimidyl ester of PEG lOkDa 

prepared according to Example 1 was added to 20 mg of T-20 which has the 
sequence: 

Tyr Thr Ser Leu He His Ser Leu lie Glu Glu Ser Gin Asn Gin Gin Glu 
Lys Asn Glu Gin Glu Leu Leu Glu Leu Asp Lys Trp Ala Ser Leu Trp 
Asn Trp Phe (SEQ ID NO:l) 

[0056] This addition was carried out in 1.0 ml of buffer (50 mM borate pH 8.0) in a 
molar ratio of 2 moles of reagent per one mole of T-20. The solution was 
stirred for 4 hours at room temperature. Pegylated T-20 was purified from 
the reaction mixture using ion exchange chromatography (QA). A step 
gradient with increasing salt concentrations from 100 mM to 1 M NaCl in 20 
mM Tris, pH 7.5 was used to separate pegylated T-20 and unmodified T-20. 
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Example 5 

Pegylation of EPO with mPEG30K-p-SBA 

1. Fermentation and purification of human EPO 

[0057] Note: The methods for the fermentation and purification of human EPO 
were exactly the same as the one which was described in European Patent 
Application (EP 1 064 951 A2). (See Page 7-9) 

2. Pegylation reaction 

[0058] To five milligrams of EPOsf (653 ^iL of a 7.66 mg/ml EPOsf stock, 0.274 

fimol) 347 jaL of lOOmM borate buffer, pH 8.0 containing 8.2 mg of 30 kDa 
methoxy-PEG-p-SBA (0.274 ^imol) was added and mixed for 4 h at 4 °G The 
final protein concentration was 5 mg/ ml and the protein:PEG reagent ratio 
was 1:1. After four hours, the reaction was stopped by adjusting the pH to 
4.5 with glacial acetic acid and stored at -20 °C, until ready for purification. 

3. Purification 

[0059] The reaction mixture from the previous step was diluted 1:5 with 10 mM 

sodium acetate, pH 4.5 and applied to 100 ml SP-Sepharose FF (sulfopropyl 
cation exchange resin) packed into a 18 mm x 143 mm column. The column 
was previously equilibrated with the same buffer. Column effluents were 
monitored at 280 nm with a Gilson UV monitor and recorded with a Kipp 
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and Zonen recorder. The column was washed with 100 ml or 1 bed volume 
of equilibration buffer to remove excess reagents, reaction byproducts and 
oligomeric PEG-EPO. It was followed by washing with 2 bed volumes of 100 
mM NaCl to remove di-PEG-EPO. Mono-PEG-EPO was then eluted with 200 
mM Nad During elution of the mono-PEG-EPO, the first 50 ml of the 
protein peak was discarded and the mono-PEG-EPO was collected as a 150 
ml fraction. Unmodified EPOsf remaining on the column was eluted with 
750 mM NaCl. All elution buffers were made in the equilibration buffer. The 
eluted sample was analyzed by SDS-PAGE and MALDI-TOF. The mono- 
PEG-EPO pool obtained from the 150 ml fraction, which had no detectable 
unmodified EPOsf, was then concentrated -5.0 mg/ml and diafiltered into 
the storage buffer, 10 mM potassium phosphate, 100 mM NaCl, pH 7.5. 
Concentration/ Diafiltration was performed with Millipore Labscale™ TFF 
System fitted with 5 kDa cut off Millipore Pellicon XL Biomax 50 membrane 
at ambient temperature. Concentrated mono-PEG-EPO was sterile filtered 
and stored frozen at -20 °C 

Example 6 

Pegylation of EPO with mPEGlOK-SVA 

[0060] A different aliquot of the EPOsf used in Example 5 was reacted with 10 kDa 
methoxy-PEG-SVA. Reaction was performed at a protein:reagent ratio of 1:2 
and purification techniques were in accordance with Example 5. 
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Example 7 

[0061] In-vivo activity of pegylated EPO determined by the normocythaemic mouse 
assay. 

[0062] The normocythaemic mouse bioassay is known in the art (Pharm. Europa 
Spec. Issue Erythropoietin BRP Bio 1997(2)) and a method in the 
monography of erythropoietin of Ph. Eur. BRP. The sample were diluted 
with BSA-PBS. Normal healthy mice, 7-15 weeks old, were administered s.c. 
0.5 ml of the EPO-fraction containing unpegylated EPO (40 ng/ mouse) or 
mono-pegylated EPO (10 or 40 ng/mouse) from Example 5 or 6. Over a 
period of 6 days, blood was drawn by puncture of the tail vein and diluted 
such that 1 jiL of blood was present in 1 ml of an 0.15 mol acridine orange 
staining solution. The staining time was 3 to 10 minutes. The reticulocyte 
counts were given in terms of absolute figures (per 30,000 blood cells 
analyzed). For the data presented, each group consisted of 5 mice per day, 
and the mice were bled only once. The results show the superior activity and 
the prolonged half life of the pegylated EPO species indicated by the 
significantly increased amounts of reticulocytes and the shift of the 
reticulocytes count maximum using the same dose per mouse (10 ng), 
compared to a dose of 40 ng for unmodified EPO. 
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Example 8 

Preparation of methoxy branched PEG-acid and its succinimidyl ester 




,? Q 



O-N 




[0063] The compound of formula VI where the PAG is PEG having a molecualr 
weight of 1,000 [m-Peg amine of molecular weight 10000] (1.0 g, 0.1 mmol) 
was dissolved in 5 mL of absolute ethanol at 40 °C followed by the addition 
of ethyl-3-bromo-2-(bromomethyl)propionate (7.6 TL, 0.048mmol), and the 
mixture was stirred overnight at 40 °C under argon. The reaction solution 
was condensed by rotary evaporation. The residue was precipitated by 
addition to the mixture of 2-propanol and diethyl ether (1:1). The 
precipitated product was filtered off and dried in vacuo. Yield:0.89 g. 

[0064] Branched m-Peg acid ester (0.89 g) was dissolved in 20 mL of IN sodium 

hydroxide and the solution was stirred at room temperature overnight. The 
pH of the mixture was adjusted to 2.5 by addition of 6N hydrochloric acid, 
and the mixture was extracted with dichloromethane (lOmL, 5mL and 5mL). 
The organic layer was dried over sodium sulfate, filtered, concentrated, and 
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precipitated into diethyl ether. The product m-Peg valeric acid was collected 
by filtration and dried under vacuum. Yield:0.64g. 

[0065] Branched m-Peg acid (0.64 g, 0.032 mmol) was dissolved in anhydrous 

dichloromethane (5 mL) followed by the addition of N-hydroxysuccinimide 
(11 mg, 0.098mmol) and dicyclohexylcarbodiimide (20 mg, 0.099 mmol). The 
mixture was stirred overnight at room temperature under argon. The 
reaction mixture was filtered, concentrated and precipitated with mixture of 
2-propanol and diethyl ether (1:1). The product was dried in vacuo 
overnight. Yield:0.58 g. 

Example 9 

Preparation of branched PEG-acid and its succinimidyl ester 

[0066] The methoxy PAG compound of formula V where the PAG is PEG having a 
molecular weight of 2,000 [m-Peg amine of molecular weight 10000] (1.0 g, 
0.1 mmol) was dissolved in 5 mL of absolute ethanol at 40 °C followed by the 
addition of ethyl-3-bromo-2-(bromomethyl)propionate (7.6 TL, 0.048mmol), 
and the mixture was stirred overnight at 40 °C under argon. The reaction 
solution was condensed by rotary evaporation. The residue was precipitated 
by addition to the mixture of 2-propanol and diethyl ether (1:1). The 
precipitated product was filtered off and dried in vacuo. Yield:0.89 g. 

45 



[0067] Branched m-Peg acid ester (0.89 g) was dissolved in 20 mL of IN sodium 

hydroxide and the solution was stirred at room temperature overnight. The 
pH of the mixture was adjusted to 2.5 by addition of 6N hydrochloric acid, 
and the mixture was extracted with dichloromethane (lOmL, 5mL and 5mL). 
The organic layer was dried over sodium sulfate, filtered, concentrated, and 
precipitated into diethyl ether. The product m-Peg valeric acid was collected 
by filtration and dried under vacuum. Yield:0.64g. 

[0068] Branched m-Peg acid (0.64 g, 0.032 mmol) was dissolved in anhydrous 

dichloromethane (5 mL) followed by the addition of N-hydroxysuccinimide 
(11 mg, 0.098mmol) and dicyclohexylcarbodiimide (20 mg, 0.099 mmol). The 
mixture was stirred overnight at room temperature under argon. The 
reaction mixture was filtered, concentrated and precipitated with mixture of 
2-propanol and diethyl ether (1:1). The product was dried in vacuo 
overnight. Yield:0.58 g of the title compound. 
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